Glycolipids are known to be involved in a variety of functions, including extracellular recognition, cell-cell interaction, differentiation, oncogenesis and immunity. 1) Especially sialic acid-containing glycosphingolipids, such as gangliosides in mammalian membranes have been recognized to play important roles as above. Therefore a number of sialyloligosaccharides and their mimetics have been synthesized by many carbohydrate chemists to obtain a systematic understanding of structure-function relationships of sialyloligosaccharides at the molecular level.
2) On the other hand, synthetic studies on oligosaccharides from invertebrate animal species that do not have gangliosides have been neglected, in spite of their having interesting structures. 3) We have been interested in the relationship between the structure and biological function of glycolipids from invertebrate animal species and have so far synthesized oligosaccharides from various protostomia phyla. 4) In our previous paper we reported 5) the synthesis of four glycosphingolipids analogues from Echinococcus multilocularis, in the neogala series whose structures have a b-D-Galp-(1→6)-b-D-Galpcore, and a fucose residue, 6) suggesting the functional importance of glycolipids in parasitism. Recently, Sugita et al. found and characterized a new neogala series of glycosphingolipids containing a mannose, glucose and cholinephosphoryl residue from the earthworm Pheretima (P.) hilgendorfi. 7) In the present study, we attempted the synthesis of the new neogala series of glycosphingolipids containing the mannose residue.
The disaccharide derivative 6 was obtained by condensation of 2-(trimethylsilyl)ethyl 2,3,4-tri-O-benzoyl-b-D-galactopyranoside (5) 5) with phenyl 4,6-O-benzylidene-2,3-di-Obenzoyl-1-thio-b-D-galactopyranoside (2), which was benzylidenated and benzoylated from thiophenyl b-D-galactopyranoside (1) (Chart 1), in the presence of N-iodosuccinimide (NIS) and trifluoromethanesulfonic acid (TfOH).
8) It is clearly seen in the 1 H-NMR spectrum of 6 that the newly introduced anomeric proton signal showed a doublet at d 4.77 with a coupling constant of 7.9 Hz. Reductive ring-opening of the benzylidene acetal in 6 with sodium cyanoborohydride-hydrogen chloride in dry diethylether afforded compound 7. Compound 7 was condensed with phenyl 2,3,4,6-tetra-O-benzoyl-1-thio-a-D-mannopyranoside (4), which was benzoylated and thioglycosylated using tin(IV) chloride from D-mannose, in the presence of NIS and TfOH, to give the trisaccharide derivative 8 in 76% yield. In the 13 C-NMR the J C,H value of 171.3 Hz supported the a configuration of the newly formed glycosidic bond. 9) 8 was converted by Odebenzylation to 9 and subsequent acetylation gave the per-O-acylated trisaccharide 10. On the other hand, the trisaccharide alcohol 9 was glycosylated by the galactosyl donor 14 10) with NIS and AgOTf at Ϫ78°C. After work-up, the protected tetrasaccharide was obtained as a mixture of anomers 15 (67%) and 16 (23%). The anomeric hydrogen atom of the a-D-galactose unit of compound 15 in the 1 H-NMR spectrum showed a signal at d 5.18 (d, Jϭ3.1 Hz) . The a-D configuration of the newly formed glycosidic bond was also indicated by the J C,H value of 171.7 Hz in the 13 C-NMR spectrum. Removal of the benzyl groups from 15 by catalytic hydrogenolysis over 10% Pd-C, and subsequent acetylation gave the per-O-acylated tetrasaccharide 17.
Next, for the selective removal of the 2-(trimethylsilyl)-ethyl group, the fully acylated oligosaccharides 10 and 17 were treated 11) with trifluoroacetic acid in dichloromethane for 1-2 h at 0°C to give the 1-hydroxy compounds, which, on further treatment 12) with trichloroacetonitrile in the presence of 1,8-diazabicyclo[5.4 .0]undec-7-ene (DBU) in di-chloromethane for 2 h at 0°C, gave the corresponding receptor carbohydrates 11 and 18. Glycosylation 13) of 2-(tetradecyl)hexadecanol 14) with each of the glycosyl donors, which was carried out in the presense of trimethylsilyl trifluoromethanesulfonate (TMSOTf ) and molecular sieves (MS)4A for 2 h at 0°C, afforded the desired b-glycosides 12 (62%) and 19 (32%), respectively. Finally, removal of all acyl groups with sodium methoxide in 1 : 1 methanol/1,4-dioxane for 5 h at room temperature afforded the desired two glycolipid analogues 13 and 20. (Chart 2, Chart 3)
In summary, the systematic approach to the mannose containing neogala series of glycosphingolipid analogues 13 and 20 and the synthesis of other oligosaccharides from P. hilgendorfi was successfully carried out.
Experimental
Optical rotations were determined with a JASCO digital polarimeter. (14) were prepared by literature methods. (1) (3.0 g, 11.02 mmol) in tetrahydrofuran (THF 50 ml) were added benzaldehyde dimethylacetal (2 ml) and p-TsOH (170 mg) at 0°C. The reaction mixture was stirred at room temperature for 12 h, then neutralized with Et 3 N. After evaporation the residues were diluted with CHCl 3 , washed with water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography using 30 : 1 CHCl 3 -MeOH as eluent to give phenyl 4,6-Obenzylidene-1-thio-b-D-galactopyranoside (3.86 g, 96.4%). To a solution of this compound (3.86 g, 10.71 mmol) in pyridine (30 ml) was added benzoyl chloride (5 ml), and the mixture was stirred for 5 h at 0°C. The reaction mixture was poured into ice-water and extracted with CHCl 3 . The extract was washed sequentially with 5% HCl, aq. NaHCO 3 and water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography using 4 : 1 hexane-ethyl acetate as eluent to give 2 (5.60 
Phenyl 2,3,4,6-Tetra-O-benzoyl-1-thio-a a-D-mannopyranoside (4)
To a solution of D-mannose (3 g, 16.65 mmol) in pyridine (100 ml) was added benzoyl chloride (20 ml), and the mixture was stirred for 4 h at 0°C. MeOH (2 ml) was added to the mixture, and this was concentrated, then extracted with CH 2 Cl 2 . The extract was successively washed with 5% HCl, aq. NaHCO 3 and water, dried (Na 2 SO 4 ), and concentrated to give 1,2,3,4,6-penta-O-benzoyl-b-D-mannopyranose quantitatively. To a solution of this compound (1.5 g, 2.14 mmol) in CH 2 Cl 2 (7 ml) cooled to 0°C, were added thiophenol (0.44 ml, 4.28 mmol) and tin(IV) chloride (250 ml, 1.71 mmol), and the mixture was stirred for 3 h at room temperature. The reaction mixture was poured into ice-water and extracted with CHCl 3 . The extract was washed sequentially with aq. NaHCO 3 and water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography using 6 : 1 hexane-ethyl acetate as eluent to give 4 (980 mg, 66.5%), [ 
2-(Trimethylsilyl)ethyl 4,6-O-Benzylidene
To a solution of 2 (1.0 g, 1.76 mmol) and compound 5 (871 mg, 1.47 mmol) in dry CH 2 Cl 2 (5 ml) was added powdered 4A MS (3 g), and the mixture was stirred for 2 h at room temperature, then cooled to 0°C. NIS (594 mg, 2.64 mmol) and TfOH (31.4 ml, 0.35 mmol) were added to the mixture, which was stirred for 20 min at 0°C, then neutralized with Et 3 N. The solids were filtered off and washed with CHCl 3 . The combined filtrate and washings were successively washed with aq. Na 2 S 2 O 3 and water, dried (Na 2 SO 4 ), and concentrated. The product was chromatographed on silica gel using 3 : 2 hexane-ethyl acetate as eluent to give 6 (1.38 
2-(Trimethylsilyl
To a solution of compound 6 (674 mg, 0.64 mmol) and sodium cyanoborohydride (402 mg, 6.41 mmol) in dry THF (20 ml) was added powdered 3A MS (3 g), and the mixture was stirred for 2 h at room temperature, then cooled to 0°C. Hydrogen chloride in diethyl ether was added until the solution was acidic (pH paper, gas evolution). After 1 h, the reaction mixture was poured into ice-water and extracted with CHCl 3 . The extract was washed sequentially with aq. NaHCO 3 and water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography using 20 : 1 benzene-acetone as eluent to give 7 (534 mg, 79.1%), [ (1 g) , and the mixture was stirred for 2 h at room temperature, then cooled to 0°C. NIS (171 mg, 0.76 mmol) and TfOH (17ml, 0.20 mmol) were added to the mixture, which was stirred for 3 h at 0°C, then neutralized with Et 3 N. The solids were filtered off and washed with CHCl 3 . The combined filtrate and washings were successively washed with aq. Na 2 S 2 O 3 and water, dried (Na 2 SO 4 ), and concentrated. The product was chromatographed on silica gel .06 mmol) in CH 2 Cl 2 (2 ml) cooled to 0°C, was added CF 3 COOH (2 ml), and the mixture was stirred for 1 h at room temperature and concentrated. Ethyl acetate and toluene (1 : 2) were added and then removed to give the 1-hydroxy compound. To a solution of the residue in CH 2 Cl 2 (1 ml) cooled at 0°C were added trichloroacetonitrile (171 ml, 1.71 mmol) and DBU (8.6 ml, 0.06 mmol). The mixture was stirred for 2 h at 0°C. After completion of the reaction, the mixture was concentrated. Column chromatography (20:1 benzene-acetone) of the residue on silica gel gave 11 (89 mg, 96%), [a] D 24 ϭ ϩ77.3°(cϭ2.2, CHCl 3 ). 
2-(Tetradecyl)hexadecyl 2,3,4,6-Tetra-O-benzoyl-a a -D-mannopyranosyl-(1→4)-6-O-acetyl-2,3-di-O-benzoyl-b b -D-galactopyranosyl-(1→6)-2,3,4-tri-O-benzoyl-b b-D-galactopyranoside (12)
To a solution of the trichloroacetimidate 11 (89 mg, 55 mmol) and 2-(tetradecyl)hexadecanol (36 mg, 82 mmol) in CH 2 Cl 2 (1 ml) were added molecular sieves 4A (500 mg) and the mixture was stirred for 3 h at room temperature, then cooled to 0°C. TMSOTf (10 ml, 55 mmol) was added and the mixture was stirred for 2 h at 0°C then neutralized with Et 3 N. The solids were filtered off and washed with CHCl 3 . The combined filtrate and washings were successively washed with water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography using 15 : 1 benzene-acetone as eluent to give 12 (64 mg, 61.7%), 2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-a a-Dmannopyranosyl-(1→4)-[2,3,4,6-tetra-O-benzyl- 
To a solution of 9 (187 mg, 0.12 mmol) and 14 (116 mg, 0.18 mmol) in dry CH 2 Cl 2 (1.5 ml) was added powdered 4A MS (500 mg) , and the mixture was stirred for 2 h at room temperature, then cooled to Ϫ78°C. NIS (81 mg, 0.24 mmol) and AgOTf (138 mg, 0.36 mmol) were added to the mixture, which was stirred for 1 h at Ϫ78°C, then neutralized with Et 3 N. The solids were filtered off and washed with CHCl 3 . The combined filtrate and washings were successively washed with aq. Na 2 S 2 O 3 and water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography .07 mmol) in MeOH (3 ml), EtOAc (1 ml) and AcOH (1 ml) was hydrogenated over 10% Pd-C (100 mg) for 18 h at room temperature, then filtered through Celite and the residue was washed with methanol and concentrated. The residue was acetylated with Ac 2 O (1.5 ml) in pyridine (2 ml) for 5 h at room temperature. Work-up as described for 2, the product was purified by silica gel column chromatography using 20 : 1 benzene-acetone as an eluent to give 17 (80 mg, 60 
2,3,4,6-Tetra
To a solution of 17 (80 mg, 43 mmol) in CH 2 Cl 2 (1.5 ml) cooled to 0°C, was added CF 3 COOH (1.5 ml), and the mixture was stirred for 2 h at room temperature and concentrated. Ethyl acetate and toluene (1 : 2) were added and then removed to give the 1-hydroxy compound. To a solution of the residue in CH 2 Cl 2 (1 ml) cooled at 0°C were added trichloroacetonitrile (128 ml, 1.28 mmol) and DBU (6.5 ml, 43 mmol). The mixture was stirred for 2 h at 0°C. After completion of the reaction, the mixture was concentrated. Column chromatography (20 : 1 benzene-acetone) of the residue on silica gel gave 18 (65 mg, 79.3%), [ mmol) and 2-(tetradecyl)hexadecanol (22 mg, 51 mmol) in CH 2 Cl 2 (1 ml) were added molecular sieves 4A (300 mg) and the mixture was stirred for 3 h at room temperature, then cooled to 0°C. TMSOTf (6.5 ml, 30 mmol) was added and mixture was stirred for 2 h at 0°C then neutralized with Et 3 N. The solids were filtered off and washed with CHCl 3 . The combined filtrate and washings were successively washed with water, dried (Na 2 SO 4 ), and concentrated. The product was purified by silica gel column chromatography 
